SUMMARY:
The 
INTRODUCTION
Many reports were published concerning the carrier rate of Clostridium perfringens in feces of healthy human beings. The organisms were found at a high rate among healthy Japanese (Hayashi, Mifune and Shinjo, 1962; Imamura , 1963; Nakagawa and Nishida, 1966; Akama et al., 1966 b) . The heat resistant C . perfringens which has been known as an important causative agent for food poisoning was also found often among healthy adults, and carrier rates over 20 % of the heat resistant organisms were reported by several investigators including Morinaga and Yoshizawa (1962) who showed 58 %.
The carrier rate in the healthy Japanese seems to be generally higher than that in Europeans.
In bacteriological examination of food poisoning, C. perfringens has been 161 usually isolated from feces heated at 100 C for 60 min, despite its actual number in unheated specimen. It was, however, pointed out by Sutton (1966 b) that the direct viable count of the organisms in fecal specimens was useful in the laboratory diagnosis of food poisoning.
For proper interpretation of the results of the bacteriological examinations in the case of food poisoning and also for the study of etiology of food poisoning, it seems important to know the actual number of heat resistant C. perfringens in the intestine of healthy persons.
From this point of view, it was unsatisfactory that the examinations in most of the reports in this field were carried out only qualitatively and little attension has been paid to the ecological situation of the organisms.
Another important subject in the C. perfringens food poisoning is the question concerning low toxinogenicities of the causative organisms. It has been well known that the heat resistant C. perfringens isolated from food poisoning showed no or trace toxinogenicity (Hobbs et al., 1953) . However, few knowledge has been obtained on the toxinogenicities of the heat resistant organisms which were carried by healthy persons.
We therefore tried to study both the behavior of C. perfringens in the intestinal tracts of healthy persons by using a quantitative method and some characteristics of them, with special reference to heat resistant organisms. 
MATERIALS AND METHODS

Medium
RESULTS
Actual Number of C. perfringens as the Flora in the Fecal Specimens
Fifty-eight healthy persons were examined. They include workers in a dining hall in a hospital and personnel in the author's laboratory and their family members. Some of them were examined repeatedly.
The results are summarized in Table 1 . C. perfringens was detected in all the 120 fecal specimens from 58 persons.
The actual numbers of the organisms ranged from 101 to 109 per g of the specimen.
Heat Resistance of C. perfringens in the Fecal Specimens
The heat resistant C. perfringens which survived heating at 100 C for 60 min were detected in about 50% of the fecal specimens from healthy persons and the largest number of survivors was 106 per g of the feces (Table 1) .
The effect of heat treatment on the viable number of C. perfringens in fecal specimens from healthy persons was examined.
The viable number was counted before and after heating at various temperatures.
The results are illustrated in Fig. 1 . The viable counts in the specimens heated at 80C were somewhat lower than those in unheated ones. It is apparent that there was some correlation between the number of C. perfringens before and after heating 80C. However, such a correlation was obscure when the specimens were heated at 90C or higher.
Most of the fecal specimens containing survivors of heating at 100C had shown a viable count of over 105 per g before heating. Fluctuation in the Number of C. perfringens in the Feces from the Same Persons
The numbers of C. perfringens in fecal specimens from seven cooks were counted repeatedly for 7 months at intervals of a month.
A tendency was evident that the number of organisms in the feces was a characteristic for each person.
Two persons had always more than 106 organisms per g of specimen, and two persons usually carried less than 104 organisms.
Such persons who usually carried a few organisms excreted occationally more than 106 organisms in their feces. On such an occation, heat resistant organisms were usually detected. Table 2 shows an example where the examination was carried out weekly. An individual carried, as usual, a few C. perfringens and no heat resistant one on May 6. The latter was found only twice in his feces, on May 12 and 19, but never in 6 examinations following that.
He did not show any clinical symptoms suggesting infection of C. perfringens throughout the whole observation period.
Heat Resistant C. perfringens in Feces
A filtrate of a fecal specimen was divided into several parts and heated at Fig. 2 .
Only one typable organism (Type 1) was detected besides untypable organisms from specimen TN-7 heated at 100C for 120 min, while Types 2 and 13 were also detected when the specimen was heated at 100C for 15 or 30 min. The latter two types were not detected when heating was done at 90C, probably because the numbers of both the organisms were too few to be found. Type 1 was, however, still detectable on heating at 80C but not from the unheated specimen.
Similar results were observed with specimen TK-8 and as well as with many other fecal specimens from healthy persons. These results show that the serotypable organisms constituted generally a minor population in unheated specimens, and that more than two kinds of serotypes often existed in a fecal specimen.
Though the ratio of untypable heat resistant organisms to the total number in the unheated specimen was not determined, it will be similar to that of the typable one.
One typable organism (Type 10) and untypable one were isolated from specimen TK-8 treated by heating at 100 C for 15 or 60 min, the count of the former being fewer than the latter.
However, all the isolates from the specimen heated at 100C for 120 min consisted of a typable one alone. This finding suggests the Fig. 2 . Viable counts of the serotypable C. perfringens in fecal specimens from healthy persons heated at various temperatures * The specimen TN-7 in this figure is the same to that in Table 3 . ** O means Unheated . 80, 90 and 100 mean heating at 80C, 90C and 100C respectively, a, b, c, d and e mean the periods for heating, 15 min, 60 min, 120 min, 180 min and 240 min. 
Examinations of Intestinal Contents of Corpses
The intestinal contents from corpses were obtained by the courtesy of Dr , The results of the examination on the contents of both ascending and sigmoid colons of a corpse (KW) are shown in Table 6 . Serotypes of the isolates from both colons were different from each other . Such disagreement of isolates from both colons was also found in two other corpses . The strains agglutinated by Type 10 serum reduced its agglutinability during maintenance in the chopped meat medium. 
DISCUSSION
Our careful examinations demonstrated that the rate of detection of C . per-f ringens in the feces of healthy Japanese was 100% . This conclusion confirmed that of Taylor and Gordon (1940) . The results of quantitative examination showed that the actual number of organisms in the feces ranged between 101 and 109 per g of feces.
The rate of detection of heat resistant C . perfringens described here was considerably higher than that studied in other countries (Hobbs et al ., 1953; Di sche and Elek, 1957; Turner and Wong , 1961; Leeming, Pryce and Meynell, 1966; Sutton, 1966 a) except for that in Hong Kong (Turner and Wong , 1961) . A l ow carrier rate less than 4.4 % of heat resistant organisms in Japanese was AKAMA et OTANI Vol. 23 Text) . ** The strains had shown strong agglutinability with Hobbs' type 10 factor serum soon after isolation (see Table 6 ), but the agglutinability reduced after several subcultures. Table 8 . Heat resistance and toxinogenicities of C. perfringens agglutinable with Hobbs' factor sera * No survivor was detected in these specimens after heating at 100 C for 15 min. ** See Explanatory notes of Table 6 . *** Heat resistance of isolates was determined only qualitatively.
+:
Positive growth, -: No growth, ND: Not determined. **** DT: Determined by direct method (see Text).
reported by some workers (Iida et al., 1961; Sugitani and Takamatsu, 1961; Hayashi et al., 1962; Yamagata and Kunimura, 1963) , but a majority of the reports showed rates of higher than 21.4 % (Benoki and Saijo, 1960; Morinaga Table 9 . Heat resistance and toxinogenicities of untypable C. perfringens isolated from a fecal specimen after heating at various temperatures * DT: Determined by direct method (see Text).
and Yoshizawa, 1962; Ishida, 1963; Nakagawa and Nishida, 1966; Aikawa and Iida, 1967; Nagasaki, 1967; Nakagawa and Nishida, 1969) . The highest was 88.5% shown by Yoshimura et al. (1967) . Morinaga et al. (1962) reported that the carrier rate became higher with increasing ages, and Nagasaki (1967) found that the carrier rate varied even on the same age level. Though such disagreement was probably derived from difference in the groups examined, the result of survey may also have been effected by the method used in the examination.
It was also of interest that healthy persons carried serotypable C. perfringens at a high rate.
The serotypable ones were found in 24 (57.1%) out of 42 fecal specimens containing heat resistant organisms. The serotypes detected in our surveys were types 1, 2, 3, 5, 9, 10 and 13. The serotypes detected by us and other workers in our country (Hayashi et al., 1962; Zen-you, 1966; Nagasaki, 1967; Yoshimura, 1967) covered the whole types from 1 to 13.
The heat resistance of C. perfringens predominating in the human intestine was not so strong; the number of viable organisms in the feces reduced to about 1/10 even after heating at 80C for 15 min. A correlation was found to some extent between the number of organisms surviving heating at 80C and that detected in the unheated specimen, while the number of survivors in the specimens heated at 90C does not necessarily correlate with that of the organisms in the unheated specimen.
This suggests that heating at 90C may be significant for selection of heat resistant C. perfringens.
Bacteriological examination for heat resistant C. perfringens in the feces of patients of food poisoning has been carried out usually after multiplication of the organisms in a fluid medium.
Sutton (1966 b) mentioned that heat resistant spores could be isolated directly from only two of twenty-two carriers, but from nine of ten persons in an outbreak of food poisoning.
He concluded that the direct culture after boiling of fecal specimens might be of some use in the laboratory diagnosis of food poisoning.
We have sometimes experienced a great discrepancy among serotypes of strains detectable by direct culture onto the plate medium after heating of specimens and those detectable by the indirect culture method in which spreading onto the plate medium from the heated specimen was carried out after multiplication in the fluid medium. We were encountered by a case where a serotypable organism was detected at a frequency of 1/33 when a fecal specimen was inoculated directly on the egg-yolk agar plate soon after heating while the rate was 40/40 when plated after growing in chopped meat medium (Akama et al., 1966 b) . This suggests that the direct plating soon after heating is necessary for the correct survey of Hobbs' Type C. perfringens in fecal specimens.
Based on this, the direct method was used in this study.
The above evidence and the fact that two or more kinds of typable heat resistant organisms are isolated from a feces may explain why all typable heat resistant isolates from the feces of patients of food poisoning do not always agree.
By analyzing isolates from the same specimen heated at various temperatures, it was clearly shown that serotypable heat resistant C. perfringens occupied a minor population in fecal specimens from healthy persons, and also that only a few among the population could resist heating at 100 C for 60 min. Asakawa and Nakatsugawa (1966) , Yasukawa et al. (1967) and Nagasaki (1967) reported that the causative organism was directly isolated from the unheated feces of food poisoning cases due to heat resistant C. perfringens. These observations indicate that the causative organisms are predominant in the feces of patients. This may be a significant difference in the carrier state of heat resistant organisms between healthy persons and food poisoning patients as pointed out by Nakagawa and Nishida (1966) .
It is evident that there are two groups of healthy carriers of heat resistant C. perfringens.
One consists of permanent carriers and another the temporal ones. Almost all the heat resistant C. perfringens detected in fecal specimens may not be a kind of the normal flora. Turner and Wong (1961) suggested that the high excretion rate of heat resistant C. perfringens in Hong Kong was probably due to a contamination of food by the organisms. Leeming et al. (1961) showed that the isolation rate of heat resistant organisms in the stool of .hospital patients is higher than 30%, and suggested that the high carrier rate may be due to communal feeding.
Our observations mentioned above support their suggestions.
A few serotypable C. perfringens were isolated from jejunal contents, and the isolates were heat sensitive not only before but also after isolation.
It was demonstrated by Nagasaki (1967) that there were not a few serotypable C. perfringens in unheated feces from healthy persons. Hall (1963) reported that heat sensitive C. perfringens could produce food poisoning, Sutton and Hobbs (1968) found some outbreaks caused by the heat sensitive organisms typable with Hobbs' antisera.
These facts suggest that the heat resistance is not an attribute of the serotypable C. perfringens, and that the typing with Hobbs' antisera may also be a valid means of bacteriological examination for the food poisoning due to the heat sensitive C. perfringens. Hobbs et al. (1953) reported that the heat resistant C. perfringens causing food poisoning had no or trace toxinogenicity, and Yamagishi et al. (1964) showed that C. perfringens isolated from heated soil specimens had a relatively lower 
